A simple and rapid high performance liquid chromatographic method for the determination of plasma amino acids was developed. The method uses minimal sample volume and automated online precolumn derivitization of amino acids with o-phthalaldehyde and fluorescent detection. Amino acids are separated by a simplified gradient without column heating. The assay is linear from 5 to 1000μmol/L for all amino acids. Recovery of amino acids was between 91 and 108%, intra-assay coefficient of variation (CV) was 1-7%, and inter-assay CV was 2-12%. The simple sample preparation and minimal sample volume make the method useful for the quantitation of amino acids in both patient and experimental animal samples.
INTRODUCTION
The determination of amino acids is important in assessing nutritional requirements and status in health and during disease. [1] [2] [3] [4] [5] [6] For over thirty years most amino acid analyses have been performed by ion-exchange chromatography with post-column derivatization with ninhydrin. [7] Alternatively, amino acids can be analyzed by precolumn fluorescent derivatization and then separated by reverse-phase high-performance liquid chromatography (HPLC). [8] The most common agent used for the fluorescent derivatization of amino acids is o-phthalaldehyde (OPA). OPA is a highly effective derivatization agent for amino acids because it readily reacts with amino groups to form highly fluorescent products when in the presence of excess thiols. However, these isoindole derivatives are unstable. [9] Previous studies have demonstrated that the formation of OPA derived fluorescent amino compounds are more stable in the presence of the thiol 3-mercaptopropionic acid (MPA) instead of the more commonly used 2mercaptoethanol. [10] [11] [12] In this manuscript we describe a simple and rapid automatic online precolumn derivatization HPLC method for the quantitation of plasma amino acids. The separation of the amino acid derivatives is by reversed-phase chromatography and quantitation by fluorescent detection.
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EXPERIMENTAL

Chemicals
All amino acids including norvaline as an internal standard, o-phthalaldehyde (OPA), 3mercaptopropionic acid (3-MPA), tetrahydrofuran, and potassium tetraborate were obtained from Sigma (St. Louis, MO). Perchloric acid, potassium dihydrogen phosphate, HPLC grade methanol and acetonitrile were obtained from Fisher scientific (Pittsburgh, PA). deionized water was processed through a Milli-Q purification system (Millipore, USA)
Samples
EDTA plasma samples were collected after an overnight fast from ten healthy female volunteers recruited as approved by the institutional review board and informed consent was obtained from all subjects. Samples were stored at -70°C until assayed.
Sample preparation
Plasma samples (20 μL) were prepared by adding an equal volume (20 μL) of an internal standard (norvaline 62.5 μmol/L, Sigma, St. Louis, MO) and HPLC grade water (160 μL) for a final volume of 200 μL. The plasma proteins were precipitated by adding 200 μL of 0.5 mol/ L perchloric acid. After protein precipitation, the samples were vortexed and centrifuged at 15,000xg for 5 minutes at room temperature. After the samples were centrifuged, 150 μL of the supernatant was collected and filtered in a Spin-X 0.2-μm micro-centrifuge filter (Fisher Scientific, Pittsburgh, PA) by centrifugation at 15,000xg for 1 minute. One hundred microliters (100 μL) of the filtered sample was collected and split between 2 sample vials for HPLC analysis. Samples were split between 2 vials to minimize the time between the derivatization and injection on to the HPLC system. The technique limits any loss in fluorescent signal intensity.
Standard preparation
All amino acid standards, except glutamine, were prepared in 100 mmol/L HCl and stored at -70°C. A separate glutamine standard was prepared in water, stored at -70°C and added to the standard stock before use. [13] Amino acid standards were prepared similar to samples and set to cover the reported physiologic range. The linearity of the response for each individual standard across five different concentrations ranging from 5 to 1000 μmol/L by plotting the peak area for each amino acid divided by the area of the internal standard vs. concentration. The correlation coefficients for all curves were >0.99.
Chromatographic system
The HPLC system consisted of a Waters 600E dual piston pump system controller, a Waters 474 fluorescence detector and a Waters 717 plus autosampler all controlled by a Waters Empower software system (Milford, MA) for chromatographic analysis. The HPLC separation of the derivatized amino acids required two mobile phases. Mobile phase A consists of 30 mmol/L potassium dihydrogen phosphate buffer with 0.4% tetrahydrofuran adjusted to pH 7.0 with 4 mol/L KOH, and mobile phase B consists of 50% HPLC grade acetonitrile mixed with HPLC grade water. All buffers were filtered through a 0.2-μm filter and degassed with ultra pure helium. The derivatized amino acids were separated on a Waters (Milford, MA) XTerra RP18 column (100mm x 4.6mm i.d., 5μm particle size) and a Waters XTerra MS C18 guard column (3.9mm x 20 mm, 5μm particle size). The chromatographic separation was performed at room temperature (22°C). The detection was performed fluorometrically with an excitation wavelength of 340 nm and an emission wavelength of 455 nm, and gain at 100. The flow rate of the mobile phase was 1 ml/minute throughout the analysis. All gradient changes were linear. The gradient conditions were as follows: initial conditions are 100% mobile phase A; from time 0 to 22 minutes the gradient changes to 52% mobile phase A and 48% mobile phase B; from 22 to 34 minutes the gradient changes to 40% mobile phase A and 60% mobile phase B; from 34 to 35 minutes the gradient changes to 100% mobile phase A and remains at this condition until the next injection. The total HPLC run time for the separation of the derivatized amino acids in a single sample or standard is 35 minutes. The column is equilibrated in 100% mobile phase A for 10 minutes before the next sample injection.
The amino acid derivatization reagent was prepared fresh each day by dissolving10 mg of OPA in 0.2 mL of methanol and 1.8 mL of 200 mmol/L potassium tetraborate buffer (pH9.5), and 10 μL of 3-MPA was added. This derivatization reagent was further diluted with 8 mL of 200 mmol/L potassium tetraborate buffer (pH9.5) to obtain the final working solution. The final concentrations of OPA and 3-MPA were 7.45 and 11.4 mmol/L, respectively. The derivatization of the amino acids in the samples and standards was performed in an automated fashion using a Waters 717plus autosampler kept at 4°C. The derivatization reaction was started by transferring 50 μL of the derivatization reagent to 50 μL of the prepared sample spiked with the internal standard. The sample and derivatization reagent were mixed three times by the autosampler and incubated for 30 minutes before injection. The final pH of the derivatized samples and standards was 7.8. The Waters XTerra column is stable at higher pH and therefore it was not necessary to further neutralize samples or standards after derivatization. After this incubation 10 μL of the derivatized sample was injected onto the equilibrated HPLC column. The needle of the autosampler was rinsed with 50% methanol/water between injections. During chromatography of the sample, the derivatization of the next sample is started in order that there is no delay in the injection of the next sample.
Recovery and variability
The recovery of the plasma amino acids was between 91 and 108% as determined by mixing each amino acid standard separately to a final concentration of 62.5μM in a pooled plasma sample, and recovery was calculated as the difference between spiked and unspiked plasma samples. The intra-assay coefficient of variation (CV) was between 1 and 7% as determined by replicate analysis of a standard solution (n=10) and a quality control plasma sample (n=10) in a single run. The inter-assay CV was between 2 and 12% as determined by replicate analysis of the same quality control plasma sample stored at -70°C and analyzed ten separate times over a period of 6 months.
RESULTS AND DISCUSSION
The chromatographic separation of an amino acid standard and a plasma sample are shown in the figure (A and B respectively) . The method demonstrated good chromatographic separation of 22 amino acids including the internal standard norvaline.
To compare the calculated plasma amino acid concentrations to other published methods, we analyzed plasma samples collected after an overnight fast from 10 healthy female volunteers. Plasma amino acid concentrations were similar to those reported previously (table) . [11, 14] The separation of isoleucine, tryptophan and phenylalanine were the most difficult. However, their inter-assay CV was still <10% over a period of 6 months and their calculated values agreed with those reported by others. In addition, we observed that the isoindole derivatives for taurine, ornithine and lysine were more susceptible to degradation over time. However, this was overcome by the online derivitization procedure and standardization of the timing between derivitization and injection of the samples. In this analysis we also observed that perchloric acid protein precipitation was superior to 5-sulfosalicylic acid (SSA) as reported in other methods because SSA interfered with the chromatography of the aspartic acid and glutamic acid peaks. In addition, in this analysis perchloric acid precipitation was not found to adversely affect the quantitative results for the amino acids (table), consistent with a previous report by Qureshi and Qureshi [15] in which they reported no significant difference in amino acid recoveries between SSA and perchloric acid protein precipitation. While this is a reasonably rapid and simple method for the analysis of many plasma amino acids, there are still several important amino acids that are not identified by this method including proline, cysteine, homocysteine, and α-amino isobutyric acid. In addition, we were only able to investigate the plasma amino acid concentration in a small number of healthy nonpregnant female subjects. However, despite the small sample size we were still able to determine that this method was reliable, accurate and consistent with previously reported values.
In summary, this method demonstrates good precision and reproducibility for all the amino acids analyzed. The required sample volumes are small and no special processing for the samples is needed. The chromatographic method allows for the separation and quantification of amino acids using a simplified gradient and without the need for a column heater. The method shows good precision and reproducibility, it is relatively simple and allows the determination of most plasma amino acids.
Figure.
Typical chromatograms of amino acids in a standard (A) and in a human plasma sample (B). 1. aspartic acid, 2. glutamic acid, 3. asparagine, 4. serine, 5. glutamine, 6. histidine, 7. glycine, 8. threonine, 9. citrulline, 10. arginine, 11. alanine, 12. taurine, 13. tyrosine, 14. valine, 15. methionine, 16. norvaline, 17. isoleucine, 18. tryptophan, 19. phenylalanine, 20. leucine, 21. ornithine, 22. lysine.
Table
Performance characteristics of HPLC-fluorescent detection for plasma amino acids. 
